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Objective: The introduction of endovascular aneurysm repair has resulted in a decline in open abdominal aortic aneurysm
repairs performed by vascular residents. The purpose of this study was to evaluate if a similar trend has occurred with open
lower extremity revascularization procedures, with increased endovascular procedures producing a decrease in the
number of open lower extremity revascularizations. Furthermore, this study evaluates the effect of endovascular
procedure volume on the frequency of subtypes of open lower extremity procedures performed.
Methods: The total number of vascular procedures, lower extremity bypasses, and endovascular interventions from 2000 to 2010
were analyzed from case logs of vascular residents as reported by the Accreditation Council for Graduate Medical Education.
Results: The average number of cases performed by vascular residents has increased by 150% from 463.9 in 2000 to 1168
in 2009, due to the increased number of endovascular procedures. The average number of endovascular revascularizations
has increased by 317% from 40.5 performed in 2000 to 168.9 in 2009. Femoral-popliteal bypasses have increased in
frequency by 27% whereas the number of infrapopliteal bypass has remained unchanged. The largest difference is seen in
femoral endarterectomies with a 234% increase from 3.2 per resident in 2001 to 10.7 per resident in 2010. Comparison
of the proportion of femoral-popliteal and tibioperoneal interventions performed by angioplasty or bypass after 2007
revealed that endovascular interventions comprise 50% of procedures in the femoral-popliteal distribution, whereas 65%
of infrapopliteal interventions are still performed using open techniques.
Conclusions: The number of procedures performed during vascular residency has dramatically increased over the last
decade secondary to the increased number of endovascular procedures. The average vascular surgery resident’s open
operative experience has been stable over the last 10 years, despite the increasing endovascular case volume. Residents
perform femoral endarterectomy with increasing frequency, perhaps representing an increasing volume of hybrid
procedures. Gaps in information available for evaluating resident training remain a significant obstacle. Moving forward,
revision of the current reporting system to a format that more accurately reflects resident experience would be beneficial.
(J Vasc Surg 2012;55:1814-20.)
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iWith growing expertise in endovascular techniques and
advances in catheter-based technology, an increasing pro-
portion of vascular interventions are performed in an endo-
vascular fashion. The trend has been most apparent in the
treatment of abdominal aortic aneurysms (AAAs), with 78%
of Medicare patients with an AAA receiving aortic en-
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1814ografts in 2008.1 This shift presents new challenges to
ascular surgery training programs that must now provide
dequate exposure to both open and endovascular tech-
iques.
In 2004, Cronenwett et al2 noted a 49% decrease in
pen AAA repairs performed by vascular surgery trainees in
he 3-year period after Food & Drug Administration ap-
roval of endovascular aneurysm repair (EVAR), although
he total number of AAA repairs increased by 50%. The
radual replacement of open AAA repair with EVAR affects
eneral surgical residents even more significantly, because
he limited open AAA procedures are offered to trainees
edicated to vascular surgical careers.3
Increasing use of endovascular techniques has similarly
ffected the treatment of lower extremity (LE) arterial
nsufficiency. Goodney et al4 described a threefold increase
n endovascular LE revascularization with a 42% decrease in
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lation. The impact of this shift toward endovascular LE
revascularization on open vascular surgical training, how-
ever, has not been well studied. The analysis by Schanzer et
al5 of the Accreditation Council for Graduate Medical
Education (ACGME) data for all vascular procedures from
2001 through 2007 demonstrated an increase in total
endovascular procedures with no significant change in LE
bypass. However, there is little information available on the
effect of endovascular surgical training on the types of open
procedures performed. The purpose of this study was to
evaluate if increased endovascular procedures have pro-
duced a decrease in the number of open LE revasculariza-
tions performed by vascular surgery residents (VSRs)
through 2010, as expected based on national trends. Fur-
thermore, this study evaluates the effect of LE endovascular
procedure volume on the volume of subtypes of open LE
procedures performed.
METHODS
The ACGME requires all VSRs to log cases performed
during their vascular surgery residency. This includes all
open and endovascular cases, which are logged according
to Current Procedural Technology codes. Each year, the
ACGME publishes the total and average number of cases
performed by VSRs attending ACGME-accredited residen-
cies. These cases are categorized into major Residency
Review Committee for Surgery areas and then further
subdivided based on specific Residency Review Committee
Fig 1. Accreditation Council of Graduate Medical Edu
ence. Note that after 2007, endovascular therapeutic
category. *Notes new distinction of level of endovascu
extremity.procedures. Data are published after each academic year 2July 1 to June 30) and are available online for the years
999 to 2010. These data represent the total number of
ases performed by each resident regardless of year of
raining.
We included all data from academic years 2000 to 2010
or analysis in this study. Only cases logged as primary
urgeon or secondary procedures were taken into consid-
ration when evaluating averages and totals for each of the
ndividual procedures. Cases logged as teaching assistant
ere not included. However, when the overall number of
rocedures performed by vascular residents was evaluated,
ases logged as resident, teaching assistant, first assistant,
nd secondary procedures were all used in the calculation.
ach procedure is listed individually and based on report-
ng by the ACGME case logs; the number of combined
rocedures is not provided.
The procedure categories used by the ACGME for
eporting cases performed during residency changed dur-
ng the 10-year period studied. From 2000 to 2007, LE
ascular procedures were divided into three main catego-
ies: peripheral obstructive (open procedures), endovascu-
ar diagnostic, and endovascular therapeutic. After 2007,
ndovascular therapeutic procedures were included within
he peripheral obstructive category and classified into more
pecific groups by the level of endovascular cannulation
femoral-popliteal vessels vs tibioperoneal vessels). The en-
ovascular diagnostic procedure grouping did not change
fter 2007 (Fig 1).
Analysis of all endovascular procedures from 2000 to
n (ACGME) categories for reporting operative experi-
edures are included within the peripheral obstructive
tervention in the post-2007 classification. LE, Lowercatio
proc
lar in010 was performed using the pre-2007 categories: diag-
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vascular procedures after 2007 were further analyzed based
on the level of intervention, comparing femoral-popliteal
and tibioperoneal procedures. All open procedures from
2000 to 2010 were evaluated within the following catego-
ries: femoral-popliteal bypass, infrapopliteal bypass, LE by-
pass using vein, LE bypass using graft, and femoral endar-
terectomy (referring to common femoral and profunda
femoris). The average number of cases performed in each
category was compared for academic years 2000 to 2010 to
detect trends in the average number of cases performed.
Paired sample t-tests were used to evaluate statistical signif-
icance using reported SDs wherever available.
RESULTS
The average number of cases performed by VSRs has
increased by 150% from 463.9 in 2000 to 1168 in 2009
(Fig 2). These cases included non-LE vascular procedures
and diagnostic angiograms. Within LE procedures, diag-
nostic endovascular procedures have increased most dra-
matically with a 489% increase from 22.2 in 2000 to 108.6
in 2009 (P  .001). Endovascular revascularizations have
increased by 317% from 40.5 performed in 2000 to 168.9
in 2009 (P  .001). Total open LE revascularization pro-
cedures have trended upward with an average of 68.3
procedures in 2000 and 81.6 in 2009 (Fig 3). Of note, a
sudden decline is noted in the number of endovascular
therapeutic procedures at the 2007 mark, with the upward
trend resuming thereafter.
Within open LE procedures, femoral-popliteal bypasses
have increased in frequency by 27% (P .001), whereas the
number of infrapopliteal bypasses has remained unchanged
(22 in 2000 and 20 in 2009; P  .053). The largest
Fig 2. Trend in the total number of procedures perform
include lower extremity (LE), abdominal, cerebrovasculadifference is seen in femoral endarterectomies with a 234% increase from 3.2 per resident in 2001 to 10.7 per resident
n 2010 (P  .001; Fig 4). Of the LE bypasses performed,
he number of vein bypasses has remained unchanged, with
rosthetic bypasses increasing by 28% (P  .001) (Fig 5).
omparison of the proportion of femoral-popliteal and
ibioperoneal interventions performed by angioplasty or
ypass after 2007 revealed that endovascular interventions
omprise 50% of procedures in the femoral-popliteal distri-
ution, whereas 65% of infrapopliteal interventions are still
erformed using open techniques (Fig 6).
ISCUSSION
The total number of procedures performed during
ascular residency has dramatically increased over the last
ecade secondary to the increased number of endovascular
rocedures. A number of factors have been suggested to
xplain the increasing number of endovascular procedures,
ncluding a lower threshold for endovascular intervention
n claudicants, patient preference, treatment of high-risk
atients previously not amenable to any intervention, and
ultiple and/or redundant endovascular interventions in
he same patient.4,6 Schanzer et al5 demonstrated an in-
rease in ACGME logged total vascular interventions and
ndovascular procedures by residents from 2001 through
007, with no significant change in LE bypass procedures.
nalysis through 2010 reflects this finding, with a number
f interesting findings emerging when open LE revascular-
zation procedures are analyzed by procedure subtype.
espite a large increase in endovascular procedures, a sig-
ificant decrease in LE bypasses performed by residents was
ot observed. In fact, a 27% increase is noted in the perfor-
ance of femoral-popliteal bypasses and a stable experience
n infrapopliteal bypass was observed. In addition, a signif-
y vascular surgery fellows (VSFs) each year. Procedures
d all endovascular interventions.ed bcant increase of 28% is noted for prosthetic bypass with a
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procedures performed by VSRs at University of South
Florida found similar results, noting a 60% increase in
endovascular procedures and no change in their open by-
pass experience.6 The Eidt et al7 review of case logs sub-
mitted to the Vascular Surgery Board by residents sitting
for the qualifying examination and practicing surgeons
sitting for the recertification examination also demon-
strated a stable open surgical experience with dramatic
increases in all types of endovascular procedures.
In the setting of an observed 42% decrease in LE bypass
Fig 3. Trend in the average number of major procedur
significant drop in endovascular therapeutic procedure
Accreditation Council of Graduate Medical Education (
Fig 4. Trend in average number of subtypes of open pro
A 234% increase in femoral endarterectomy is observed (in the Medicare population between 1996 and 2006,4 it is femarkable that the open bypass experience for VSRs has
ot diminished. This pattern could be explained by a shift
n practice, with a greater proportion of LE bypasses and
omplex procedures being performed in centers with vas-
ular surgery training programs. Eidt et al7 found that less
han half of practicing surgeons taking the recertification
xamination reported experience with complex endovascu-
ar procedures such as thrombolysis, coil embolization of
he internal iliac artery, and nonaortic aneurysm repair.
esidents presenting for the qualifying examination re-
orted experience with such cases at a significantly higher
s per vascular surgery fellow (VSF) by year. Note that a
een at the 2007 mark, coinciding with the change in
E) procedure logging criteria.
res performed per vascular surgery fellow (VSF) by year.
.001). LE, Lower extremity.e type
s is scedurequency. This difference in scope of practice may explain
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perhaps due to failed complex endovascular procedures or
changes in associated referral patterns.
The largest difference is seen in femoral endarterecto-
mies with a 234% increase from 3.2 per resident in 2001 to
10.7 per resident in 2010 (P .001; Fig 3). This trendmay
be attributable to the gradual replacement of aortobifemo-
ral reconstruction with hybrid common femoral endarter-
ectomy with iliac stent/stent graft. Chang et al8 showed
5-year primary, primary-assisted, and secondary patency
rates of 60%, 98%, and 97%, respectively, demonstrating the
Fig 5. Trend in the average number of vein and prosth
year. A small increase of 28% is observed for prosthetic by
LE, Lower extremity.
Fig 6. Comparison of the proportion of femoral-poplit
or bypass after 2007, when Accreditation Council of Grad
include the vascular level of intervention. LE, Lower extdurable success of this minimally invasive approach to oc- tlusive iliofemoral disease. Common femoral endarterec-
omy with iliac stenting has also been shown to have
quivalent 30-day morbidity, mortality, and 3-year primary
atency to aortobifemoral and iliofemoral reconstruction
or TransAtlantic Inter-Society Consensus (TASC) C and
lesions.9
Interestingly, VSRs are still performing the majority of
nfrapopliteal interventions using open surgical techniques.
ncreasing evidence has supported the primary use of infr-
popliteal angioplasty for critical limb ischemia, certainly as
n alternative to primary amputation but also as a therapeu-
ypasses performed per vascular surgery fellow (VSF) by
s (P .001) with no significant change in vein bypasses.
d tibioperoneal interventions performed by angioplasty
Medical Education (ACGME) logging criteria began to
y.etic b
passeeal an
uateic option for poor surgical candidates. Studies have found
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apopliteal TASC A, B, and C lesions; however, outcomes
are not as favorable for TASCD lesions.10,11 As technology
for infrapopliteal angioplasty and stents improves, it is
possible that the proportion of interventions performed
with endovascular techniques will increase, approaching
that seen with femoral-popliteal disease.
There are significant limitations to interpretation of the
data in this report. The conclusions drawn here are based
on resident reports and may over- or underestimate the
actual case volume. Reporting criteria do not allow for
distinction of combined procedures from individual proce-
dures. For example, although the notable increase in per-
formance of femoral endarterectomy may be in the setting
of combined endovascular procedures, the data do not
report it in that manner. Furthermore, residents may be
logging open portions of combined endovascular cases in
order to meet residency requirements, although unable to
specify as such.
An aberration in the case volume trend is noted at the
2007 mark, which may be due to two important changes
that occurred during the study period. The aforemen-
tioned change in reporting criteria in 2007 may have
altered the way that residents logged their cases the
following year. The change in training duration for
vascular surgery from 12 to 36 months was also formal-
ized in 2006 with the first 0  5 residencies established
in 2007 and may have resulted in dilution of case volume
with the same total number of cases spread over a longer
training period.7
This report’s findings suggest that, unlike with EVAR
effect on training in open AAA repair, the LE bypass
experience for VSRs has remained stable in the setting of
increasing endovascular procedures. Analysis of the specific
LE procedures performed by VSRs reveals that there has
not been a significant replacement of any particular open
LE procedure with endovascular approaches but rather a
marked increase in additional endovascular procedures per-
formed. At present, it seems that the average VSR open
operative experience has been stable over the last 10 years,
despite an increasing endovascular case volume. However,
the data evaluated do not provide information about the
distribution of the total cases among training programs,
and it is possible that some training programs provide more
exposure than others.
As vascular surgery continues to evolve as a discipline,
training programs will appropriately change to meet the
new challenges. This report highlights the rapid assimila-
tion of endovascular techniques into resident training and
the ability of residency programs to provide exposure to a
growing repertoire of surgical techniques. However, the
gaps in information available for evaluating training remain
a significant obstacle. Moving forward, revision of the
current reporting system to a format that more accurately
reflects resident experience would be beneficial. For exam-
ple, residents should be able to log multiple portions of a
case for the same patient and specify if those procedures
were performed as a bundle. This allows for residents to getredit for the skills they demonstrated and gives a reviewer
n understanding of the complexity of cases performed.
idt et al7 mention a similar concept in their report, re-
erred to as the “Cronenwett Plan,” allowing junior resi-
ents to receive credit for portions of complex cases per-
ormed with senior trainees. It would also be instructive to
ollect information on the distribution of total cases among
raining programs, to assess the equitability of training
cross programs. This may also help compare training
aradigms within vascular surgery as the field defines best
raining practices.
ONCLUSIONS
The number of procedures performed during vascular
esidency has dramatically increased over the last decade
econdary to the increased number of endovascular proce-
ures. The average open operative experience for VSRs has
een stable over the last 10 years, despite the increasing
ndovascular case volume. Residents perform femoral end-
rterectomy with increasing frequency, perhaps represent-
ng an increasing volume of hybrid procedures. Gaps in
nformation available for evaluating resident training re-
ain a significant obstacle. Moving forward, revision of the
urrent reporting system to a format that more accurately
eflects resident experience would be beneficial.
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In evolutionary terms, the specialty of vascular surgery has
experienced a Cambrian explosion over the last decade with respect
to procedural volume and diversity. This study is one of several
recent analyses of vascular resident trainee volume over time.
Previous studies have reported that over the last decade, the
volume of procedures performed by Vascular Surgery trainees in
Accreditation Council for Graduate Medical Education-accredited
programs has dramatically increased due to the extension of vascu-
lar surgery training duration (single year vascular training pro-
grams following 5 years of general surgery training became extinct
in 2006) and the explosion of endovascular technology. Other
reports have suggested that open abdominal aortic aneurysm
(AAA) repair was the only major open operation exhibiting a
significant reduction in volume due to its replacement by less
invasive endovascular aneurysm repair.1-4
More than perhaps any other specialty, vascular surgery has
adapted to rifts in the medical and surgical environment to evolve
into a new specialty in the face of rapid technological explosion,
shifting training paradigms, duty-hour restrictions, and competi-
tion with other specialties. Endovascular training and volume
requirements were approved by the RRC-Surgery in 2000 and
became mandatory for accredited training programs in 2004.
Duty-hour limits went into effect in July 2003. The 5-1 training
model, dominant for nearly 25 years, became extinct in 2006.
Vascular surgery became a primary specialty in July 2006. Inte-
grated 0-5 training programs were rapidly initiated. Beginning in
2007 with only five programs, there are now 36 such programs.
The first graduates of this paradigm will finish this June.
In 1995, the vascular resident operative log included 37
operations in 10 general categories. By 2009, there were 97
operations in 13 general categories. Not surprisingly, the volume
of procedures performed by trainees increased by 150% to 300%
(depending on method of analysis), with the increase driven byndovascular procedures. Unexpectedly, the number of open op-
rations has remained stable at about 200 procedures per trainee,
ith open AAA repair and open visceral artery reconstruction the
nly procedures to have significantly fallen in volume, reflecting
lobal shifts toward less invasive therapy. Surprisingly, as the
uthors discuss in their well-written manuscript, despite Medicare
ata clearly demonstrating a shift toward increasing numbers of
ower extremity endovascular procedures and declining lower ex-
remity open reconstructions, trainee open lower extremity recon-
tructions have remained stable. The reasons for this disparity
etween trainee experience and broad clinical practice is uncertain,
ut could reflect shifts in practice patterns, with endovascular
ailures or complex lower extremity cases being increasingly re-
erred to centers of excellence associated with training programs.
Articles such as this one are important as they nicely depict our
ngoing evolution. New procedures will continue to evolve. Some
ill replace previous procedures, and others will fade after a time,
nable to compete. Older, established procedures will either find
iches in which to persist, or will become extinct. Such is the
ature of life and surgery. Unlike our Cambrian predecessors, we
re aware of our own evolution.
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